During the course of screening for new antibiotics, we found Trichoderma species capable of producing antibiotic complexes, designated as isonitrins A, B, C and D, and isonitrinic acids E and F, characterized by the presence of an isonitrile group. This report deals with the taxonomyof these species, fermentation studies, isolation and physicochemical and biological properties of isonitrins and isonitrinic acids. The results of structural studies on these antibiotics will be reported elsewhere.
TAXONOMY OF THE PRODUCING ORGANISMS
In the present studies, 15 fungal strains, which were isolates from natural materials, were characterized as producing a series of antibiotics having an isonitrile group in the molecule. Wedesignated this group of antibiotics as isonitrile antibiotics.
The 15 isolates were found to belong to the genus Trichoderma based on the following differentiating characteristics: Rapid spreading growth, green coloration (except one strain which showed a white color), rather complicated branching system of conidiophores, and 1-celled phialoconidia aggregated in slimy balls at the tip of the phialides which stand at more or less rightangles to their bearer. The 15 strains were further grouped into the following 5 species: T. harnatum, T. harzianurn, T. koningii, T. polysporum and T. viride by taxonomical studies according to the method of Rifai.1} Strain J-39, Trichoderma hamatum (Bonorden) Bainier aggr Colonies of strain J-39 on 2% malt extract agar grow rapidly, attaining a diameter of 9 cm within 4 days, forming a white sparse mycelial mat at first, and later a ring-like conidial area shaded middle yellowish green to dark yellowish green (near Malachite Green or Chome Green, Munsell 2.5G4/4). Conidiophores form loose to compact turf, usually giving distinct ring-like conidial areas at the edges of petri dishes. Main branches are generally thick and sterile at the apices. Phialides are typically rather crowded, plump and pear-shaped, 3.4~10.1 x2.7~4.0 /mi, but long and slender atypical ones are also observed, up to 20/mi f Isonitrile Antibiotics, a NewClass of Antibiotics with an Isonitrile Group. I. * Present address: Winthrop Laboratories, Nagata-cho, Chiyoda-ku, Tokyo 100, Japan. Based on these observations, strain J-166 was identified as T. harzianum Rifai aggr. Identification of the other producing strains Characteristics of the other producing strains with respect to the color, shape and size of conidia and some other properties are summarized in Table I . From the data shown in the table together with other characteristics, the strains were identified as the species given in the most right column of the table.
FERMENTATION
Isonitrins A, B and C and Isonitrinic acids E and F, produced by Trichoderma hamatum J-39
Fermentation was carried out in a 50-liter jar fermentor containing 30 liters of the complex organic medium. After inoculation of 500ml of the seed culture, the jar fermentor was maintained at 26.5°C under the given conditions of fermentation. The potency of each antibiotic in the culture broth was quantitated by thin layer chromatography followed by measurement of intensities of UVabsorption of antibiotics in the cases of components A, E and F, or by a bioassay for C. The isonitrile antibiotics were produced predominantly in the liquid portion of the culture. Anexampleof the time course of the fermentation is presented in Fig. 1 . The maximal potency ofisonitrin A, 1.3 /ig/ml, was obtained after 17 hours of cultivation and those of isonitrinic acid E, 97 jug/ml, after 25 hours, and isonitrinic acid F, 24/ig/ml, after 65 hours, respectively. The potency of isonitrin C appeared after 20 hours and continued to increase slowly reaching 37 /ig/ml after 89 hours of cultivation.
The gradual increase of the mycelial weight continued until about 70 hours. The slight but obvious drop in pH at 24 hours of cultivation maybe related to the production of the acidic antibiotic component isonitrin D in a 50-liter fermentor is shown in Fig. 2 Isonitrins B and C and isonitrinic acids E and F The ethyl acetate extract of a 40 hour culture of Trichoderma hamatumJ-39 contained isonitrins B and C and isonitrinic acids E and F.
The extracts were dried over sodium sulfate and concentrated to an oil, which was then applied on the top of a column packed with SilicAR CC-7 (Mallinckrodt). After the column was washed with 10%ethyl acetate in nhexane, isonitrinic acid F and then E were eluted with 20% ethyl acetate in w-hexane.
Fractions containing F and E were combined separately and concentrated in vacuo.
Isonitrinic acids F and E were obtained as , 3.95; N, 7.91. Found: C, 60.88; H, 4.22; N, 7.67 .
Further elution of the column with 40% ethyl acetate in rc-hexane yielded antibiotic components C and B, which were separated from each other by subsequent silica gel column chromatography. Elution with 5%tetra-hydrofuran in methylene chloride gave pure isonitrin C followed by isonitrin B. All the antibiotics showed a distinct absorption at 2100~2150 cm"1 in common, which can be assigned to an isonitrile group. Thus, the name"isonitrile antibiotics" was given to the antibiotics of this group. Components A, B and C have no carbonyl group, while the other 3 have such a grouping. Furthermore, components E and F were acid in nature. Therefore, we designated these two acids as isonitrinic acids E and F, respectively, and the other components as isonitrins A, B, C and D.
The relative configurations of A, B and C were determined by an X-ray diffraction study.
One of the two possible absolute configurations for the three components is shown in Fig. 5 . The structures of the other three components, D, E and F, were proposed from 1H-NMRand 13C-NMRspectra together with other physicochemical properties as also shown in Fig. 5 . The details of the structural studies will be reported elsewhere.
BIOLOGICAL PROPERTIES

Antimicrobial activities
The minimum inhibitory concentrations (MIC) of isonitrins and isonitrinic acids against various microorganisms were determined by a serial two-fold agar dilution method. The results are presented in Table II . Toxicity Acute toxicity of isonitrins and isonitrinic acids was studied by up. injection of the antibiotics into mice. LD5Os of isonitrins A, B and C and isonitrinic acids E and F were: 160, 300, 100, 240 and 20 mg/kg, respectively.
EXPERIMENTAL
Fermentative conditions. The seed and production medium consisted of glucose 2%, glycerine 3%, polypeptone (Daigo) 0.5%, yeast extract (Daigo) 0.2%, NaCl 0.3% and CaCO3 1% in tap water with an unadjusted pH of 6.6 before autoclaving. A loopful of T. hamatumstrain J-39 or T. harzianum strain J-166 spores were inoculated into 500-ml Erlenmeyer flasks containing 100ml of the medium which had been sterilized by autoclaving at 120°C for 20 minutes. The flasks were incubated at 26.5°C on a rotary shaker operating at 180 rpm for 72 hours. The resulting culture was used as the seed culture for the following jar fermentation.
A 50-liter jar fermentor (Marubishi model MSJ-50L-U) containing 30 liters of the same medium with 0.1% of Nissan disfoam CA-115 was sterilized at 120°C for 20 minutes. After cooling, the jar fermentor was inoculated with 500ml of the seed culture and maintained for 4 days at 26.5±0.5°C with a sterile air supply at 30 liters per minute at an impeller speed of 300 rpm.
Quantitative analysis of the growth and the antibiotic production. At appropriate intervals, 200 ml portions of the culture broth were withdrawn and filtered using Toyo No. 1 filter paper. The mycelial mass obtained was washed with 100ml of water and dried in a drying oven (Iwashiya) at 80°C for 24 hours. The growth was expressed as the dry weight of the mycelial mass per 100ml of the culture. The antibiotic activities of the filtrate were determined by a paper disc method using Escherichia coli K-12 IAM 1261, Sarcina lutea IAM 1099 and Candida albicans IAM 4888 as test organisms. For the quantitative analysis, the culture filtrate was adjusted to pH 4 with 2n HC1and extracted with 200ml of ethyl acetate. The extract was concentrated in vacuo to dryness and the residue was dissolved in 1 ml methanol. Aliquots of the methanol solution were spotted on a thin layer plate (Kieselgel 60, F-254, Merck) and developed with a solvent system of nhexane-ethyl acetate (1:3 by volume) or dichloromethane-ethyl acetate (9: 1 by volume). The band corresponding to each antibiotic was carefully scraped off the plate, extracted with 2ml of methanol and assayed.
Quantitative analyses ofisonitrins Aand D and isonitrinic acids E and F were done based on their UVabsorption at the wavelengths of 230, 232, 273 and 223^m, respectively, and isonitrin C, by a bioassay using E. coli K-12 as the test organism (paper disc method). REFERENCE 1) M. A. Rifai, Mycol Papers, No. 116, 1 (1969) .
